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(57) ABSTRACT

A control device for an electromechanical system includes at
least one group of actuators, of which in each case one
actuator 1s configured to be coupled to a mechanical and/or
hydraulic unit and 1s configured to control an operation of
the mechanical and/or hydraulic unit. The control device
further 1includes at least one group of functional modules,
which are implemented on at least one computing platform.
The at least one group of functional modules includes a
plurality of control modules, each respective control module
being respectively assigned to and coupled 1 a communi-
cative manner to a respective actuator, and a coordinating
module communicatively coupled to the plurality of control
modules. The coordinating module 1s designed to receive,
from each respective control module of the plurality of
control modules, fault messages with respect to an operating
state of the associated mechanical and/or hydraulic unit
and/or the associated actuator.

11 Claims, 3 Drawing Sheets
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FUNCTION-ORIENTED ELECTRONICS
ARCHITECTURE

CROSS-REFERENCE TO PRIOR
APPLICATIONS

[ 1

Priority 1s claimed to German Patent Application No. DE
10 2019 132 428.9, filed on Nov. 29, 2019, the entire
disclosure of which 1s hereby mcorporated by reference
herein.

FIELD

The present invention relates to a function-oriented elec-
tronics architecture, and in particular, to a function-oriented
electronics architecture for a vehicle.

BACKGROUND

The electrical-electronic archutecture (E/E) 1s the internal
intermeshing between electrical and electronic components
in a motor vehicle which, considered 1n general, 1s intended
in 1ts 1nteraction to provide optimum energy management.
This combines the functions of storing energy, supplying
energy and recovering energy. The E/E systems are used
both 1 gasoline-operated motor vehicles and in electric
vehicles. They are for example also responsible for supply-
ing to and controlling the driver assistance and driving
safety systems (for example ESP) and also the components
of the infotainment system with the corresponding electronic
controllers.

In the architectures commonly encountered today, the
functionalities are located on the respective controllers. That
1s to say that each terminal, for example an electronic,
clectromechanical or mechanical component, 1s activated by
an associated controller, so that the functional scope of the
terminal 1s ultimately determined by the controller. By this
configuration of the architecture, the variance of the vehicle/
drive and the fault management are implemented on the
respective controllers. Within this architecture, each con-
troller sends specific items of information (for example
engine speed, drive position, gear engaged) but also specific
warning/alerting messages (for example a red or yellow
warning symbol) over the on-board communications net-
work (for example FlexRay or CAN). These items of
information are sent to the instrument cluster and can be
displayed there. As of today, 62 messages and 110 signals
are defined just for warning/alerting messages.

An 1ncreasingly onerous disadvantage of this architecture
1s that each controller must have knowledge of the vehicle
configuration, in order for example 1n the event of detection
of a failure of a function to request alternative measures.
This replication of the vehicle variance at the controller level
1s not only laborious and complicated, 1t also leads to a
relatively rigid architecture with regard to updateability and
expandability. Moreover, 1 principle each controller 1is
capable of bringing about a fault indication on the instru-
ment cluster, if 1t 1s predefined as such in the associated
controller. It can consequently happen that for example a
function of the electromechanical system i1s indicated as
faulty or defective although it can possibly be provided by
other components 1n the electromechanical system by means
ol alternative measures. Furthermore, the constantly grow-
ing number of sensor and actuator units 1n modern vehicles

also presents this approach with ever greater problems.

SUMMARY

In an embodiment, the present invention provides a con-
trol device for an electromechanical system. The control
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device 1ncludes at least one group of actuators, of which 1n
cach case one actuator 1s configured to be coupled to a
mechanical and/or hydraulic umt and 1s configured to con-
trol an operation of the mechanical and/or hydraulic unait.
The control device further includes at least one group of
functional modules, which are implemented on at least one
computing platform. The at least one group of functional
modules 1includes a plurality of control modules, each
respective control module being respectively assigned to and
coupled 1n a communicative manner to a respective actuator,
and a coordinating module communicatively coupled to the
plurality of control modules. The coordinating module 1s
designed to receive, from each respective control module of
the plurality of control modules, fault messages with respect
to an operating state of the associated mechanical and/or
hydraulic unit and/or the associated actuator. The coordinat-
ing module 1s further designed to establish a malfunction
based on the fault messages received, and 1n response,
counteract the maltunction established by a countermeasure
in the form of a modification of the operation of at least one
of the actuators from the at least one group.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will be described 1n
cven greater detail below based on the exemplary figures.
The present mvention i1s not limited to the exemplary
embodiments. All features described and/or illustrated
herein can be used alone or combined 1n different combi-
nations in embodiments of the present imvention. The fea-
tures and advantages of various embodiments of the present
invention will become apparent by reading the following
detailed description with reference to the attached drawings
which illustrate the following:

FIG. 1 shows a construction given by way of example of
an E/E architecture; and

FIG. 2 shows a construction given by way of example of
the architecture according to the present disclosure, and

FIG. 3 shows a further construction given by way of
example of the architecture according to the present disclo-

SUre.

DETAILED DESCRIPTION

The present disclosure provides an improved architecture,
in particular for a vehicle, that overcomes the aforemen-
tioned disadvantages.

In particular, the present disclosure provides a control
device for an electromechanical system and a corresponding
control method.

A control device for an electromechanical system 1is
provided, with at least one group of actuators, of which in
cach case one actuator can be coupled to a mechanical,
clectromechanical or electronic unit (or else, according to
further embodiments, 1s also actually coupled) and 1is
designed to control the operation of this mechanical unait.
Within the scope of this description, an actuator may have a
controller, which however does not have an open-loop/
closed-loop controlling module as 1s the case with classical
controllers, but 1s designed for receiving control commands
from an external entity. The actuator or the controller of the
control device may for example essentially have an actuat-
ing unit and a fault monitoring unit. The actuator of the
control device may for example correspond to a smart
actuator, which 1s characterized in that it 1s capable of
detecting some faults of the mechanical or electromechani-
cal unit activated by it and responding independently to
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them, for example by initiating an immediate measure that
can prevent further damage to the activated and in this case
fault-aflected mechanical unit. This 1s the case 1n particular
with time-critical and/or serious faults. As a result, the smart
actuator can ensure functional safety. The at least one group
ol actuators may also comprise sensors.

The control device also has at least one group of func-
tional modules, which are implemented on a computing
platform, for example on an HCP (lugh-performance com-
puting platform). The group of functional modules may be
assigned to the group of actuators in the sense that the group
ol functional modules controls the functions of the associ-
ated actuators 1n a defined manner. The group of functional
modules firstly comprises a plurality of control modules, a
control module being respectively assigned to an actuator
and coupled to 1t 1n a communicative manner. A control
module may be designed for example as a PLC (program-
mable logic controller). The group of functional modules
also comprises a coordinating module, which 1s communi-
catively coupled to the plurality of control modules from the
same group of Tunctional modules. The coordinating module
1s designed 1) to recerve from each control module fault
messages with respect to the operating state of the associated
mechanical unit and/or the associated actuator; and 11) to
establish a maltunction (of the electromechanical system) on
the basis of the fault messages received and in response to
counteract the maltunction established by a countermeasure
in the form of a modification of the operation of at least one
of the actuators from the group. Since the coordinating
module 1s notified by the control modules of fault states of
the actuators from the at least one group, when there 1s an
established malfunction the countermeasure may be taken
while taking into account the current overall state of the part
of the electromechanical system that has the group of
actuators. Thus, an optimum compensatory measure can
then be iitiated.

With regard to the interaction between the actuator and
the control module, 1t may be provided in particular that an
actuator 1s designed to adapt a state parameter of the
mechanical unit on the basis of a signal obtained from the
corresponding control module and each control module 1s
designed to transmit a setpoint value to the corresponding
actuator and to obtain an actual value from the correspond-
ing actuator.

According to further embodiments of the control device,
the coordinating module may also be designed to output a
fault information signal in dependence on the malfunction
established and/or the countermeasure taken. Advanta-
geously, the coordinating module represents a central col-
lecting point with regard to the functional restrictions exist-
ing in the associated group of actuators and possibly the
associated group of functional modules. The output of the
fault information signal may be preceded by a prior test of
whether the malfunction established can be compensated by
means of an alternative measure. It may thus happen that the
classification of the degree or severity of a malfunction
according to a fault message of a control module turns out
to be greater/more serious than the classification of the
degree or severity of this malfunction from the viewpoint of
the coordinating module, because the coordinating module
has all of the relevant information concerning the state of the
clectromechanical system and may possibly be capable of
compensating for the malfunction by a countermeasure.

According to further embodiments, the control device
may also have an output device, which 1s activated by a
control module of a second group of functional modules.
The second group of functional modules may be constructed
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in a way analogous to the first group of functional modules.
In particular, the second group of functional modules may be
implemented on a further computing platform, for example
on a second HCP. In the case of a vehicle, the output device
may be an instrument cluster.

According to further embodiments of the control device,
the at least one group of functional modules may be com-
municatively coupled to the second group of functional
modules. In other words, this means that there 1s a commu-
nicative connection between the computing platform on
which the at least one group of functional modules 1s
implemented and the further computing platform on which
the second group of functional modules 1s implemented. The
corresponding communication bus used for this may be
different from the communication bus by way of which the
communication between control modules and the associated
actuators 1s handled. In the latter case, usually FlexRay or
CAN 1s used, whereas Fthernet can advantageously be used
for the data connection of the computing platforms.

According to further embodiments of the control device,
the control module that activates the output device may be
designed to output an 1tem of fault information on the basis
of the fault information signal by means of the output
device. The fault information may be used 1n order to inform
the user of the electromechanical system about 1ts functional
restrictions and/or to bring about a servicing measure. Since
the fault information signal 1s formed on the basis of an
overall consideration of the electromechanical system, 1n
particular on the basis of fault messages that are transmitted
by control modules, 1t can inform the user (for example the
driver of a vehicle) about which function(s) 1s (are) actually
not available 1n the electromechanical system, since the fault
of the component that provides this function (these func-
tions) cannot be compensated by means of alternative mea-
sures or countermeasures that could be iitiated by the

coordinating module.

According to further embodiments of the control device,
cach actuator may have a fault monitoring unit, which 1s
designed to transmit a corresponding fault signal to the
associated control module when there 1s an operating error
(fault) of the mechanical unit. The transmission of the fault
signal has the etfect that the control module 1s provided with
an 1tem of information about functional restrictions of the
associated mechanical system or the associated actuator. For
the transmission of the fault signal from the actuator to the
associated control module, the fieldbus existing between
these units may be used (for example by using the CAN or
FlexRay protocol).

According to further embodiments, the control device
may also have a diagnosis event module, which 1s commu-
nicatively coupled to the coordinating module and has a
fault memory, and a function suppression module, which 1s
communicatively coupled to the coordinating module and 1s
designed to prevent the performance of certain functions of
the electromechanical system 1n dependence on the current
state of the electromechanical system. In the case of a
vehicle, the diagnosis event module may be the DE
(diagnostic error manager) and the function suppression
module may be the FIM (function inhibition manager),
which represent basic software modules of the AUTOSAR
reference architecture for controller software 1n the automo-
bile industry. Both the diagnosis event module and the
function suppression module are activated by the coordinat-
ing module, so that the documentation of all relevant items
ol information with respect to malfunctions of the electro-

mechanical system takes place at a central point and not, as
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in the case of the previously known controller-oriented E/.
architecture individually within each controller itself.

According to further embodiments of the control device,
the at least one group of functional modules may also have
an output module, which 1s communicatively coupled to the
coordinating module and 1s designed to receive the fault
information signal and perform a prioritization and/or coor-
dination with regard to the 1tems of information to be output
on the basis of the fault information signal. The output
module may be designed to receive in addition to the
received fault information signal further signals and to
process them jointly and to output an output signal that 1s
standard from the viewpoint of the first group of functional
modules and 1s transmitted by means of the fieldbus to the
second group of functional modules. The output signal may
in turn be used within the second group of functional
modules to output by means of the output device a corre-
sponding 1tem of mformation, in particular a warning alert,
about the operating state of the electromechanical system.
The output module may be used generally for designing the
display.

According to further embodiments of the control device,
the electromechanical system may be a platform for con-
structing an automobile. In this case, the first group of
actuators and the first group of functional modules may be
designed for monitoring and controlling the chassis and the
power train. Altogether, the platform may have a number of
computing platforms (in particular HCPs), a respective
group ol functional modules, which together with the asso-
ciated group of actuators or terminals are responsible for
other functional areas of the vehicle, being implemented on
cach computing platform. Thus, for example, a further group
of control modules and actuators may be responsible for the
man-machine interfaces in the passenger compartment and
colorful services. Yet another group of control modules and
actuators may be responsible for the processes 1n the energy
and charging area and gray services. Generally, each group
of control modules may be implemented on a computing
plattorm of 1ts own, a broadband data connection being
provided between the computing platforms.

In the context of an automobile platform, the coordinating,
module within the first group of control modules may be a
PTR manager (power train reduction manager), which col-
lects all of the functional restrictions of the components of
the actuator/sensor level of the associated group and, as
already mentioned, makes decisions on alternative measures
and possibly resultant items of information to be displayed.
On account of being located in the group of functional
modules that 1s superordinate to the group of actuators, all
relevant 1tems of information concerning the entire vehicle
are available to the PTR manager. All of the decisions are
documented by a preferably provided interface with respect
to the DEM and/or FIM. The output module, which may be
referred to as the PTUI (power train user interface), bundles
the display wishes of the power train that are generated
within the first group of functional modules and prioritizes
and coordinates them. The communication between the
output module and the output device, which corresponds to
a communication between two different computing plat-
forms on which a group of different functional modules 1s
respectively implemented, may take place by way of a
ficldbus (for example Ethernet).

The control device described here may be used for
constructing a further development of the previously known
E/E architecture, which meets the stipulations for a new
architecture, the E° architecture (end-to-end electronics). In
the case of the control device according to the disclosure, a
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new functional level i1s created in comparison with the
previously known E/E architecture, a level which has the at
least one group of functional modules, each group of control
modules being implemented on a computing platform, in
particular an HCP. Altogether, three, four, five or more
computing platforms may be provided for example, 1n order
to control the overall operation of the electromechanical
system. What 1s new 1n relation to the previously known E/E
architecture 1s that the functions usually located on control-
lers are relocated to the computing platforms and performed
there. In the case of the drive as a subsystem of the vehicle
to be activated, the usual controllers can to the greatest
extent be replaced by smart actuators. The operation of each
smart actuator then takes place by performing instructions
on the basis of a stipulation made by the associated control
module that 1s implemented on the computing platform and
in particular 1s not a component part of the smart actuator.
Time-critical functionalities, for instance the switching
sequence of a multispeed dual-clutch transmaission, or else
time-critical monitoring functions to comply with functional
safety requirements to the standard of ISO 26262 can remain
as before on the controllers or smart actuators.

According to the E® architecture, it is intended to avoid
direct communication between the controllers, for example
between the transmission and the engine. Instead, 1t 1s
intended that this communication should be carried out
centrally by way of the computing platform. The back-
ground to this includes that relevant restrictions of the
overall vehicle for which there 1s no information available at
controller level, with an eflect for example on a switching
sequence, may be directly taken into account and limited
(capped).

The control device makes 1t possible to port the fault
handling from the controllers or, more generally speaking,
from the controller level to the newly created computation-
ally powertul functional level, and thus to achieve the
maximum availability of the power train. In order to make
the variant management (variant handling) manageable, a
clear system context may preferably be drawn. The system
context of a mechanical system to be controlled essentially
consists of the control module, the actuator or controller of
the sensor-actuator level and the mechanical system to be
actuated. This generic system context makes 1t possible to
introduce a central fault management of the power train
through the coordinating module, 1n this case the PTR
manager. Furthermore, the management of the entire dis-
plays of the power train may also preferably take place
centrally, for example by the PTUI module arranged down-
stream of the PTR manager.

For better 1llustration of the functional principle, and 1n
particular the difference of the control device from the prior
art, a comparison with a human organism may be made.
Here, the two halves of a brain are taken to correspond by
way of example to two computing platforms, or two groups
of control modules (the number of which may be greater
according to requirements). Hands, which correspond to the
(smart) actuator or the controller, are for example actuated.
The individual fingers of the hands then correspond to
mechanical units. Let us then consider as an example of a
fault case the loss of a thumb. In such a fault case, 1t 1s not
our hand (corresponding to the smart actuator) that decides
how a planned operation can alternatively be carried out, for
instance the sticking of a thumbtack into a pin board. Rather,
the decision on with which measure the problem can be
solved takes place situation-dependently in the correspond-
ing half of the brain, possibly involving communication with
the other half of the brain. For example, it may be decided
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that the planned operation can nevertheless be carried out by
using the other hand, it there are no “fault messages”™
relating to 1t. The severity of the mjury or the fault 1s also
processed 1n the brain and the “message” displayed as to
whether for instance a direct hospital visit 1s required, which
in the case of a vehicle corresponds to a trip to a workshop.

In principle, with the present control device, reference
may be made to a function-oriented architecture, 1n com-
parison with the controller-oriented architecture known from
the prior art.

Also provided according to the present disclosure 1s a
vehicle that has the control device disclosed here.

Also provided according to the present disclosure 1s a
method for controlling an electromechanical system, the
clectromechanical system having at least one group of
actuators, ol which 1n each case one actuator can be coupled
to a mechanical unit and 1s designed to control the operation
of this mechanical umt, and having at least one group of
functional modules, which are preferably implemented on a
computing platiorm, comprising: a plurality of control mod-
ules, a control module being respectively assigned to an
actuator and coupled to it 1n a communicative manner, and
a coordinating module, which 1s commumnicatively coupled
to the plurality of control modules. The method comprises:
receiving fault messages with respect to the operation of the
actuators and/or the mechanical units by the coordinating
module, establishing a malfunction on the basis of the fault
messages received, and imitiating countermeasures in the
form of a modification of the operation of at least one of the
actuators from the group, 1n order to counteract the mal-
function established. In principle, each of the control mod-
ules serves for controlling the operation of at least one
associated actuator.

It goes without saying that the features mentioned above
and those still to be explained below can be used not only 1n
the combination that 1s respectively specified, but also in
other combinations or on their own without departing from
the scope of the present disclosure.

In FIG. 1, a construction given by way of example of a
customary E/E architecture 1s illustrated. A first customary
controller (or actuator) 1 and a second customary controller
(or actuator) 2 are shown. Both controllers 1, 2 have the
same basic construction. The first controller 1 has a control
unit 10, an actuating unit 11, a fault handling unit 12 and also
a Tault monitoring umt 13. The fault handling unit 12 may
have a DIM and/or an FIM. The second controller 2 likewise
has a control unit 20, an actuating umt 21, a fault handling
unit 22 and also a fault monitoring unit 23. The fault
handling unit 22 may have a DIM and/or an FIM. The first
controller 1 1s coupled to a first mechanical system 13, for
example a park position, and activates it. In the same way,
the second controller 2 1s coupled to a second mechanical
system 25, for example an electrical parking brake, and
likewise activates 1t. Reference sign 3 denotes a generic
alert, which may for example correspond to a symbol on the
instrument cluster or to a sound that 1s output.

When a mechanical system 15, 25 with the architecture
outlined i FIG. 1 has a fault which 1s detected by the
corresponding fault monitoring unit 13, 23, each controller
1, 2 may transmit a corresponding fault message to the
istrument cluster, which usually leads directly to the output
of the generic alert.

In comparison to this, in FIG. 2 a construction given by
way of example of the architecture according to the present
disclosure 1s illustrated. As shown, the control device i1s
based on a new system level, which 1s arranged between the
generic alert, for instance between the device responsible for
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the output of the alert 3, and the controllers 1, 2. The new
system level represents a computing platform 4, on which 1n
the example shown four functional modules are i1mple-
mented. The functional modules arranged on the computing
platform 4 at the same time form the at least one group of
functional modules which i1s assigned to the at least one
group ol actuators that comprises the two controllers 1, 2.
The functional modules comprise a first control module 10,
which 1s responsible for the operation of the first controller
1, and a second control module 20, which 1s responsible for
the operation of the second controller 2. The functional
modules also comprise a coordinating module 41 and a fault
handling module 42, the functions of which have already
been previously described. As in the case of the exemplary
embodiment shown 1n FIG. 1, each controller 1, 2 activates
a corresponding mechanical system 15, 25.

The difference from the previously known E/E architec-
ture illustrated 1n FIG. 1 1s on the one hand that parts of the
functional units comprising the actuators 1, 2 in the control
device illustrated in FIG. 2 have been relocated to the
computing platiform 4, to be specific the control units 10, 20
and also the fault handling units 12, 22, the latter having
been combined 1n FIG. 2 on the computing platform 4 to
form a central fault handling module 42. Therefore, the two
controllers 1, 2 1n FIG. 2 have been adapted to the extent that
in each case they only have the actuating unit 11, 21 and the
fault monitoring unit 13, 23. On the other hand, a new
central module 1s provided, the coordinating module 41,
which collects all of the notified functional restrictions
(represented by the arrows between the controllers 1, 2 and
the coordinating module 41) of the components of the
actuator/sensor level and decides on alternative measures to
be taken, and 1n particular on 1tems of information to be
displayed.

FIG. 3 shows a further construction given by way of
example of the architecture according to the present disclo-
sure, which 1s based on the basic construction from FIG. 2.
A first computing platform 4 and a further computing
platform 5 are shown. Within the first computing platiorm 4,
the control module 10 responsible for the first controller 1 1s
provided and also the coordinating module 41, the fault
handling module 42 and an output module 43, the functions
of which have likewise already been previously described.
Although only one controller 1 1s shown, it goes without
saying that further controllers may be provided, respectively
coupled to an associated control module. The functional
modules within the second computing platform 5 are not
explicitly shown, but may be assumed to be analogous to the
functional modules within the first computing platform 4.
The second computing platform 5 1s coupled to an 1nstru-
ment cluster 51, which 1s activated by a corresponding
control module, for example for the output of optical and/or
acoustic alerts.

There follows an explanation of the functional principle
of the architecture shown 1n FIG. 3. In a scenario given by
way ol example, the mechanical unit 15 may correspond to
a park position, it then being possible for the first computing
platiorm 4 to be responsible for controlling the power train.
The arrows shown i FIG. 3 represent communications
between the respective elements/components, single-headed
and double-headed arrows indicating the direction of com-
munication. A communication may for example correspond
to the transmission of a signal or a series of signals.

The mechanical unit 15 1s 1 principle activated by the
actuating umt 11 on the basis of an external 1nstruction, for
example a driver’s wish to select the park position, which 1s
transmitted to the control module 10 by means of a first
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communication 61. In accordance with the external mstruc-
tion, the control module 10 transmits a setpoint stipulation
to the actuating unit 11 by means of a third communication
63. The actuating umt 11 correspondingly activates the
mechanical system 15 and notifies the control module 10 of
the actual state by means of a fourth communication 64. The
control module 10 reports the status with regard to the
execution of the external instruction received, by way of a
second communication 62.

When the mechanical unit 15 has a fault, this 1s detected
by the fault monitoring unit 13 and transmitted to the
associated control module 10 by means of a fifth commu-
nication 65. After receiving a fault message, the control
module 10 transmits a fault message to the coordinating
module 41 by means of a sixth communication 66. The
coordinating module 41, which has all of the relevant items
of mformation concerning the entire vehicle, agrees with
turther unmits on a possible alternative measure to compen-
sate for the existing fault, by means of a seventh commu-
nication 67. At the same time, a documentation of relevant
items of information with regard to the existing fault and the
resultant decision taken takes place in the fault handling
module 42, by means of an eighth communication 68. At the
same time, the coordinating module 41 determines which
items of information are to be displayed on the output device
51. For this, first a fault information signal 1s transmitted to
the output module 43, by means of a ninth communication
69. The fault information signal may for example have an
item of information about the degree of the existing fault (for
example fault stage 1—unrestricted continued driving pos-
sible; fault stage 2—restricted continued driving possible;
fault stage 2a—restricted continued driving possible, output
of an additional item of information; fault stage 3—contin-
ued driving not possible, no power transmission; fault stage
4—no continued driving, blocker). The output module 43
bundles the display wishes of the group of functional
modules and also of the associated group of actuators, and
performs a prioritization in this respect, if for example a
display field can display a number of fault messages of
which there 1s more than one. The alert to be displayed 1s
transmitted by means of a tenth communication 70 from the
output module 43 to the second computing platform 5, for
example to the display device 51 by means of an eleventh
communication 71, which comes from the associated con-
troller (not explicitly shown in FIG. 3.

For time-critical fault messages, a direct time-critical
communication path 1s provided between the controller 1
and the coordinating module 41. By means of this commu-
nication path, a time-critical monitoring function for com-
plying with the requirements of functional safety to ISO
standard 26262 can be accomplished by means of a twelith
communication 72. As a result, time-critical faults can be
output directly, without having to go by way of the associ-
ated control module 10.

Reference sign 44 indicates those elements that embody
the already mentioned advantageous system context—the
mechanical unit 15, the associated controller 1 and also the
associated control module 10. The control module 10 con-
trols and monitors (regulates) the associated controller 1 and
notifies the coordinating module 41 of functional restric-
tions. The clear system context makes variant formation
casier.

As a modification of the representation 1n FIG. 3, instead
of the minth communication 69 between the coordinating
module 41 and the output module 43, an equivalent com-
munication may take place between the fault handling
module 42 and the output module 43. In other words, the
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fault handling module 42 may be designed to transmit to the
output module 43 a fault information signal on the basis of
the items of mmformation from the coordinating module 41
for the documentation of the existing malifunction and the
alternative measure performed and the mformation output
possibly to be performed to the driver.

The communications between the controller 1 and the first
computing platform 4 or the functional modules 1mple-
mented therein may take place for example by way of
FlexRay or CAN. In the example shown in FIG. 3, further
controllers may be provided, for example for controlling
components from the area of the engine and the transmis-
sion, which by analogy with the first controller 1 are
communicatively coupled to the functional modules of the
first computing platform 4. The communication between the
first computing platiorm 4 (for example first HCP) and the
second computing platform 5 (for example second HCP)
may be handled by a different fieldbus, for example by
Ethernet. For the communication between the output device
51 and the second computing platform 3, expediently CAN
FD (CAN protocol with flexible data rate) or LVDS (low-
voltage differential signaling—interface standard for high-
speed data transmission) may be used.

In particular when using the control device 1n a vehicle,
a computing platform being responsible for controlling the
power train, maximum availability of the power train when
there 1s a fault can be achieved by 1nitiating countermeasures
that are taken on the basis of the state of the overall system.
In this way, all possible alternative strategies can be realized
and are manageable. Furthermore, the display of fault mes-
sages can undergo a plausibility check or verification. If for
example 1t happens that the park position has not been
selectable on five occasions, and instead use of the electronic
parking brake has been requested, only then can a corre-
sponding warning alert be displayed to the driver.

A further advantage of the control device can be seen 1n
the fact that variant management 1s facilitated across all
brands and model ranges. By locating the coordinating
module (in particular the PTR manager) in the HCP, all of
the relevant vehicle variants can be replicated without any
great effort. This 1s likewise helped by the centralization of
the processing of all of the drive-related restrictions 1n one
module.

Yet a turther advantage of the control device can be seen
in the fact that an updating of the strategy of measures 1s
possible relatively easily, to be precise across all model
ranges and brands. Thus, for example, new alternative
strategies (for example compensating for a fault in the
automated shift transmission by existing electric motors) can
be specifically mtroduced or adapted.

While embodiments of the invention have been illustrated
and described 1n detail 1n the drawings and foregoing
description, such illustration and description are to be con-
sidered 1illustrative or exemplary and not restrictive. It will
be understood that changes and modifications may be made
by those of ordinary skill within the scope of the following
claims. In particular, the present invention covers further
embodiments with any combination of features from difler-
ent embodiments described above and below. Additionally,
statements made herein characterizing the invention refer to
an embodiment of the invention and not necessarily all
embodiments.

The terms used 1n the claims should be construed to have
the broadest reasonable interpretation consistent with the
foregoing description. For example, the use of the article “a”
or “the” 1n introducing an element should not be interpreted
as being exclusive of a plurality of elements. Likewise, the
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recitation of “or” should be interpreted as being inclusive,
such that the recitation of “A or B” 1s not exclusive of “A and
B,” unless 1t 1s clear from the context or the foregoing
description that only one of A and B 1s intended. Further, the
recitation of “at least one of A, B and C” should be
interpreted as one or more of a group of elements consisting
of A, B and C, and should not be iterpreted as requiring at
least one of each of the listed elements A, B and C,
regardless of whether A, B and C are related as categories or
otherwise. Moreover, the recitation of “A, B and/or C” or “at
least one of A, B or C” should be imterpreted as including
any singular entity from the listed elements, e.g., A, any

subset from the listed elements, e.g., A and B, or the entire
list of elements A, B and C.

The 1nvention claimed 1s:

1. A control device for an electromechanical system, the
control device comprising:

at least one group of actuators, of which in each case one
actuator 1s configured to be coupled to a mechanical
and/or hydraulic unit and 1s configured to control an
operation of the mechanical and/or hydraulic unit;

at least one group of functional modules, which are
implemented on at least one computing platiorm, the at
least one group of functional modules comprising:

a plurality of control modules, each respective control
module being respectively assigned to and coupled 1n a
communicative manner to a respective actuator; and

a coordinating module communicatively coupled to the
plurality of control modules, the coordinating module
being designed to:

1) receive, from each respective control module of the
plurality of control modules, fault messages with
respect to an operating state of the associated mechani-
cal and/or hydraulic unit and/or the associated actuator;
and

1) establish a malfunction based on the fault messages
received, and 1n response, counteract the malfunction
established by a countermeasure in the form of a
modification of the operation of at least one of the
actuators from the at least one group.

2. The control device as claimed 1n claim 1, wherein the
coordinating module 1s further configured to output a fault
information signal 1n dependence on the malfunction estab-
lished and/or the countermeasure taken.

3. The control device as claimed 1n claim 2, wherein the
at least one group of functional modules 1s communicatively
coupled to a second group of functional modules.

4. The control device as claimed 1n claim 3, wherein the
control module that activates the output device 1s configured
to output an 1tem of fault information on the basis of the fault
information signal via the output device.
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5. The control device as claimed 1n claim 1, further
comprising an output device, which 1s activated by a control
module of a second group of functional modules.

6. The control device as claimed 1n claim 1, wherein each
actuator has a fault monitoring unit configured to transmit a
corresponding fault signal or information about functional
restrictions to the associated control module when there 1s an
operating error of the mechanical unait.

7. The control device as claimed 1n claim 1, wherein the
at least one group of functional modules further comprises:

a diagnosis event module communicatively coupled to the

coordinating module and having a fault memory; and

a function suppression module communicatively coupled

to the coordinating module and 1s configured to prevent
performance of certain functions of the electrome-
chanical system 1in dependence on a current state of the
clectromechanical system.

8. The control device as claimed 1n claim 1, wherein the
at least one group of functional modules further comprises:

an output module communicatively coupled to the coor-

dinating module and designed to receive the fault
information signal and perform a prioritization and/or
coordination with regard to the items of information to
be output on the basis of the fault information signal.

9. The control device as claimed 1n claim 1, the electro-
mechanical system being a platform for constructing an
automobile.

10. A vehicle, having the control device as claimed in
claim 1.

11. A method for controlling an electromechanical system,
the electromechanical system having at least one group of
actuators, of which 1n each case one actuator 1s configured
to be coupled to a mechanical unit and 1s designed to control
an operation of the mechanical unit, and further having at
least one group of functional modules, which are 1mple-
mented on at least one computing platform, the at least one
group of functional modules comprising a plurality of con-
trol modules, each control module being respectively
assigned to an actuator and coupled to 1t in a communicative
manner, and a coordinating module commumicatively
coupled to the plurality of control modules, the method
comprising;

recerving fault messages and/or functional restrictions

with respect to the operation of the actuators and/or the
mechanical and/or hydraulic units by the coordinating
module;

establishing a maltfunction based on the fault messages

recerved; and

initiating countermeasures 1n the form of a modification

of the operation of at least one of the actuators from the
at least one group, 1n order to counteract the malfunc-
tion established.
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